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M™ IFOR PREDICTION OF PROGRESSION OF NORMAL AND HYPERPLASTIC MAMMARY CELLS TO 

This invention was funded in part with funds from SPORE grant IP59CA58207. 
The Government may have certain rights to this invention. 

Description 

Cross Reference to Relate Application^ 

This application claims priority to U.S. Provisional application 60/005,543, filed 
October 18, 1995. 
Technical Field 

This invention relates to prognostic methods for use in predicting the likelihood 
that a normal or hyperplastic mammary cell will progress to neoplasia. The methods 
enable oncologists to determine the degree of aggressiveness to be employed in treatment 
of breast cancer and benign, hyperplastic, breast conditions. 

Backprnnnd 

Breast cancer is one of the most common cancers and is the third leading cause of 
death from cancers in the United States with an annual incidence of about 1 82,000 new 
cases and nearly 50,000 deaths. In the industrial world, approximately one in eight women 
can expect to develop breast cancer in her lifetime. The mortality rate for breast cancer has 
remained unchanged since 1930. It has increased an average of 0.2% per year, but 
decreased in women under 65 years of age by an average of 0.3% per year. Prehniinary 
data suggest that breast cancer mortality is beginning to decrease, probably as a result of an 
increase in the diagnosis of localized cancer and carcinoma in situ. For review, see, 
Marchant (1 994) Contemporary Management of Breast Disease II: Breast Cancer, in: 
Obstetrics and Qynecolopy Clinics of Nnrth Amgri™ 21 :555-560; and Colditz (1993) 
CjnfigLSirppl 71 : 1480- 1489. 

Although the etiology of breast cancer has not been elucidated, it is hypothesized to 
evolve from normal epithelium through certain nonraalignant proliferative diseases to 
carcinoma in situ, either ductal or lobule, to primary invasive cancer and finally, to 
metastatic cancer. At some point in the progression from normal tissue to malignancy, 
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tumor initiation occurs. Tumor initiation and the early stages of progression, do not 
necessarily render a cell malignant, in fact, the cell may appear histologically normal. To 
date, there has been no method of detecting mammary cells which have undergone tumor 
initiation but which are not yet neoplastic. 

The earliest and most favorable form of breast carcinoma capable of being 
recognized is the intraepithelial, or noninvasive, stage. Its early detection has been greatly 
increased by mammography. In situ carcinoma is characterized by a malignant 
transformation of the epithelial cells that line the breast lobules and major lactiferous ducts 
but without invasion of these malignant cells beyond the investing basement membrane 
into the surrounding stroma. For review, see Frykberg et al. (1994) W. J. Snrg 18:45-57. 

Several genetic markers have been associated with breast cancer. A particular 
mutation in one of these, BRCA1, has recently been found to be associated with a specific 
ethnic group, Ashkenazi Jews, which has a particularly high incidence of breast cancer. A 
number of other tumor markers are associated with breast cancer, such as myc, p53, erbB2, 
bek, and fig. Adnane et al. (1991) Oncogens 6:659-661. The erbB2 gene (also known as 
HER-2/neu) encodes a 185 kDa membrane growth factor homologous to the epidermal 
growth factor receptor. The erbB2 gene is amplified in 61 of 283 tumors (22%) tested in a 
recent survey. Adnane et al. (1991). 

Although original therapy for breast cancer was restricted to radical mastectomy, 
more conservative, breast-preserving, surgeries are now often available. Also, a wide 
variety of adjuvant therapies are now available including hormonal, radiation and 
chemotherapeutics. For review, see Posner et al. (1995) Ini_3uig. 79:43-47. The 
availability of less radical treatment regimens necessitates methods of identifying patients 
who are destined to develop tumor recurrence. Although several promising prognostic 
factors have been identified, such as DNA ploidy, S-phase analysis, Cathepsin D, erbB2 
oncogene expression and epidermal growth factor expression, designing treatment 
regimens based on these factors is thought to be "immature." Posner et al. (1995). 

Another marker of cancer, particularly invasive breast cancer, is loss of 
heterozygosity (LOH). For review, see O'Connell (1994) Breast CWr ^ T r » T 32: 5_ 
12. A particular LOH has been shown to be positively correlated with the change from in 
situ to invasive behavior. Stratton etal. (1995) LEa&oL 175:195-201. In breast cancer, 
LOH has been shown at a variety of alleles. A high incidence of LOH has been found at 
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chromosome 1 lq23 in non-familial breast cancers in situ, invasive and metastatic tumor 
cells. Koreth et al. (1995). J. Pathol. 176:11-18; and Tomlinson et al. (1995) J. Clin. 
Pathol. 48:424-428. LOH has been found on chromosome 1 lql3 in 67% of 
microdissected invasive breast cancer and in a subpopulation of the in situ carcinomas of 
5 the invasive breast cancer. Zhuang et al. (1995) Cancer Res. 55:467-471. LOH has been 

found on chromosome 16q in intracystic papillary carcinomas in breast cancer and is 
thought to be involved in acquisition of malignant phenotype. Tsuda et al. (1 994) Jpn. 
J. Cancer Res. 85:992-996. LOH has also been detected on two separate regions on 
chromosome 3p in breast cancers; 3pl3-14 and 3p24-26. Chen et al. (1994) Cancer Res . 

10 54:3021-3024. 

There is circumstantial evidence in the literature that some breast cancers may 
result from multiple pathways within a localized region of the breast. Recently, invasive 
cancers and associated preinvasive and premalignant components such as ductal carcinoma 
in situ (DOS) and atypical hyperplasia were examined for LOH at various autosomal loci. 

1 5 There were some cases which showed patterns of LOH consistent with the conclusion that 

the premalignant and invasive components resulted from two independent pathways of 
malignant progression. O'Connell et al. (1994) 

LOH has also been found in a wide variety of tumors. In only one instance has a 
particular LOH, 3p21 .3, been found in a tumor, non-small cell lung carcinoma, and in 

20 normal, adjacent, tissue. Siegfried et al. ( 1 995) Proc. Am. Assoc. Cancer Res . 36:545 

(Abstract, 3247). 

All references cited herein, both supra and infra, are hereby incorporated herein by 
reference. 



25 Disclosure of the Invention 

The present invention encompasses methods for determining the likelihood of 
benign hyperplastic breast tissue or normal breast tissue adjacent to carcinoma tissue will 
become malignant. The methods comprise substantially isolating the tissue; and 
determining the presence of loss of heterozygosity (LOH) at chromosome 3p24. LOH at 

30 chromosome 3p24 is a prognostic indicator that the tissue is likely to become malignant. 
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Brief Description of the Drawings 

Figure 1 is a series of electrophoresis patterns depicting the X-chromosome 
inactivation pattern of the androgen receptor gene in normal human epithelium. Figure 1 is 
discussed in Example 1. 

Figure 2 is a series of photomicrographs depicting the microdissection of adjacent 
normal cells from tissue sections. Figure 2A depicts the histological section prior to 
microdissection. Figure 2B depicts the slide after removal of the stromal tissue. Figure 2C 
depicts the slide after removal of the normal cells. 

Figure 3 is a photomicrograph depicting hematoxylin-eosin staining of erbB2 
expressing breast cancer cells. 

Figure 4 depicts the LOH assay of PCR products. Figure 4A depicts the DNA from 
sample H21 . In Figure 4A, the top DNA band represents one allele and two lower 
molecular weight band. Lane 1 is the LOH from skin, lane 2 is the LOH from distal 
normal tissue, lanes 3-6 are four different areas of adjacent normal tissue, lane 7 is DCIS 
and lane 8 is invasive carcinoma. Figure 4B depicts an autoradiograph of sample HI 2. In 
Figure 4B, lane 1 is LOH from skin, lane 2 is adjacent normal, lane 3 is DCIS and lane 4 is 
invasive carcinoma. 
Modes For Carrying Out The Invention 

Analysis of X-chromosome inactivation has been used to determine the clonality of 
several kinds of tumors in female patients including leukemias, colorectal, bladder and 
ovarian tumors. Giililand et aL (1991) Proc. Natl. Acad. Sci. USA 88:6848-6852; Fearon 
et al. (1987) Science 238:193-197; Sidransky et al. (1992) N. Engl. J. Med. 326:737-740; 
and Jacobs et al. (1992) J. Natl. Cancer Inst. 84:1793-1798. These studies rely on the fact 
that X-chromosome inactivation occurs at the preimplantation stage of development 
resulting in the permanent marking of cellular progeny by random inactivation of either the 
paternal or maternal X-chromosome. Tissue clonality can be assessed by analyzing the 
methylation status of polymorphic DNA markers on X-linked genes, since extensive de 
novo methylation is associated with their permanent inactivation. 

While several of the above studies have shown that tumors are clonal, less attention 
has been paid to the composition of normal tissues from the standpoint of clonality. Early 
studies showed the existence of large patches of monoclonal normal cells ranging in size 
from 0.2 to 1 .0 mm 2 in the hair follicles, gastric epithelium and female bladder urothelium. 
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Linder et al. (1965) Am. J. Hum. Genet. 17:212-220; Gartler et al. (1971) Ann. Hum. 
Q$mh London 35:1-7; Schmidt et al. (1988) Devel. 103:785-790; and Tsai et al. (1995) L 
UmL 153:1697-1700. In aprevious study of X-chromosome inactivation in the human 
breast, it was concluded that normal breast tissue was polyclonal in origin with random 
distribution of cells having either allele on the X-chromosome hypermethylated and hence 
inactivated. Noguchi et al. (1994) Cancer 74:872-877. 

Results which indicate that premalignant and invasive components arise from 
independent pathways present a dilemma; why does more than one presumably rare event 
leading to malignant progression occur at the same time in a localized region of the breast? 
If the patient had inherited a mutated causal gene, one would expect multicentric disease to 
occur anywhere in either breast. In fact, bilaterality is a characteristic of familial breast 
cancer. Anderson et al. (1985) Cancer 56:383-387; and Anderson et al. (1989) Cancer 
63 :349-353. The usual model of malignant progression suggests that proliferation of an 
initiated cell provides the target population for acquisition of subsequent progression- 
related mutations. If, however, a stem cell has undergone tumor initiation prior to 
mammary gland differentiation, when subsequent hormonal changes induce extensive 
proliferation of the mammary tree, the initiated cell could populate a single localized 
region of the breast. This region (where all cells would have the same inactivated X- 
chrpmosome) would be at an increased cancer risk. 

If tumor initiation occurs prior to mammary gland differentiation, this would 
increase the target cell population, theoretically resulting in an increased incidence of 
breast cancer in the adult. Extensive epidemiologic evidence for increased breast cancer 
incidence with radiation as the initiating agent supports this hypothesis. Hildreth et al. 
(1989) N, Engl J. Med. 321:1281; Miller et al. (1989) N. Engl. J. Med. 321:1285; Modan 
et al. (1 989) Laneet 1 :629, and Tokunaga et al. (1 984) in Radiation Carcinnpeng^ 
Epidem iology and Biological Significance , Boice & Fraumeni (eds.) pp. 45-46, New York, 
Raven Press. The highest increase in breast cancer risk was seen in individuals younger 
than age 14 who had been treated with multiple fluoroscopies for the management of 
pulmonary tuberculosis and in women who were in the first decade of life at the time of 
exposure to atomic bomb irradiation. Tokunaga et al. (1984). 

X-chromosome inactivation was applied to understanding human breast 
morphogenesis by examining ducts and lobules of normal breast tissue. Since epithelium 
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was not specifically isolated, in the studies performed by Noguchi et al. (1994), the 
microdissected normal breast tissue used in the previous study contained both stromal and 
epithelial components. Mammary epithelium and stroma might have arisen from different 
stem cells, the examples provided herein describe the results of a reevaluation of the 
clonality of normal breast epithelium. 

The data presented herein establish that mammary epithelium in the human breast 
is organized into discrete regions in which all cells have the same inactive X-chromosome. 
Hence, multiple tumors could arise from initiated cells independently progressing to 
malignancy within a circumscribed cellular patch containing the same inactive X- 
chromosome. Thus, inactivation of a single X chromosome in a tumor may indicate a 
clonal origin for the tumor, but does not address the question of clonal progression. 

We undertook a study of LOH at chromosome 3p24 known to be frequently seen in 
invasive breast cancer. As a comparison, we also measured the presence of LOH at three 
other loci, chromosomes 1 lpl5.5, 13ql3 and 17pl3.1 (p53 gene), where LOH is also 
frequently detected in invasive breast cancer. DNA from invasive carcinoma, ductal 
carcinoma in situ (DCIS) and normal lobule adjacent to tumors was tested for LOH at 
these four loci. No case was seen with LOH at 13ql3 in adjacent normal lobules. For 
1 lpl5.5 and 17pl3.1, there was one case of 1 6 informative cases and one of 19 
informative cases respectively, where the adjacent normal lobules contained LOH. The 
most surprising result was that there was relatively frequent LOH at 3p24 in the adjacent 
normal lobules, LOH was detected in 6 of 17 informative cases (35%). Further, the 3p24 
LOH in adjacent normal tissue was relatively discrete in that it did not extend to 3p22. 
Thus, LOH may increase as tumor progression continues. This finding indicated that LOH 
at 3p24 is an early event for breast cancer initiation. Thus, LOH at this locus is useful as a 
marker for early diagnosis, prognosis, or for the cloning of a gene or genes involved in 
breast cancer initiation. 

Thus, the invention encompasses methods for determining the likelihood of various 
target tissues such as benign and normal breast tissues of progressing to carcinoma in situ 
and finally invasive carcinoma. Benign tissues are usually characterized as hyperplastic 
and are often termed cysts or proliferative disease without atypia. The normal breast tissue 
includes that adjacent to carcinoma tissue. Given the results presented herein which 
indicate that the epithelia of breast tissue can be clonal, there is a likelihood that tissue 
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adjacent to a carcinoma is derived from the same stem cell as the carcinoma and thus may 
have undergone the initiating events leading to carcinoma. This is true despite an 
otherwise normal histological profile of the adjacent tissue. Thus the adjacent tissue is that 
epithelial tissue immediately adjacent to the carcinoma cells. 

The methods encompass determining the LOH at chromosome 3p24 in the target 
tissues. LOH can be measured by any method known in the art. Preferably, the methods 
described herein are used. LOH analysis is performed on substantially isolated tissue. In 
the case of benign hyperplastic tissue it is readily isolated from adjacent normal tissue. 
Care should be taken in all cases to isolate the epithelial tissue from the surrounding 
stromal tissue. In the case of normal tissue adjacent to carcinoma tissue, microdissection 
techniques, such as those described herein, are preferred. The carcinoma tissue can be any . 
breast carcinoma including, but not limited to, interstitial in situ carcinoma, ductal in situ 
carcinoma and invasive carcinoma. 

Should LOH at chromosome 3p24 be found in the target tissue, more aggressive 
treatment regimens may be performed. For instance, larger resection or mastectomy may 
be performed and adjuvant chemotherapy may be given. The following examples are 
meant to illustrate, but not limit, the claimed invention. 



Example 1 

X-Chromosome Inact ivation in Breast Tissue 
Single normal lobules or large ducts were carefully microdissected from individual 
hematoxylin-eosin stained 4 micron sections from nonmalignant breast epithelium from 2 
reduction mammaplasties and a mastectomy. Microdissection was performed essentially 
as described by Spruck et al. (1993) Cancer Res 53:1 162-1 166 as modified by Tsai et al. 
(1995). Briefly, a single normal duct was microdissected with a surgical scalpel from a 
hematoxylin-eosin stained slide (standard 4 micron section) using 100 fold magnification. 
After carefully scraping away surrounding stroma, the isolated duct was picked up using a 
new blade and transferred to an Eppendorf tube. The same histological areas from 4 
sequential slides were microdissected and pooled to obtain sufficient cells for an X- 
chromosome inactivation study. The DNA was extracted with proteinase K according to 
the method described by Allen et al. (1992) Am. J. Hum. Genet 51:1229-1239 except that 
the boiling steps were omitted to maintain the DNA in double stranded form for 
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subsequent enzymatic analysis. Proteinase K activity was inhibited with 1 mM final 
concentration of phenylmethylsulfonyl fluoride (PMSF). 

Exon 1 of the human androgen receptor gene has three Hhal and two Hpall 
restriction endonuclease sites within 100 bp 5' to a polymorphic CAG repeat region. The 
CAG repeat polymorphisms were used to distinguish between the two X-chromosome 
alleles in informative females. Since methylation of the Hhal and Hpall restriction 
endonuclease sites was associated with lack of gene expression on the inactive X- 
chromosome (Allen et al. (1992)), cleavage with the methylation sensitive restriction 
endonucleases Hhal and Hpall, was used to distinguish between the active and inactive 
gene. Prior to PCR amplification, DNA was digested with Hhal and Hpall. This 
restriction endonuclease digestion caused the restriction sites on the unmethylated active 
X-chromosome to be cleaved whereas the sites on the inactive X-chromosome remained 
intact. 

After digestion, samples were amplified by two PCR reactions using nested primers 
specific for exon 1 of the androgen receptor gene. The two sets of oligonucleotide primers 
were designed to flank both of the methylation-sensitive restriction enzyme sites together 
with the CAG repeat. Therefore, PCR amplification yielded a product only from the 
uncleaved (inactive) X-chromosome. Therefore only one band was present in the gel. In 
contrast, PCR amplification of DNA extracted from cells where either allele was randomly 
inactivated (or PCR amplification of an undigested DNA control) yielded products from 
both the active and inactive X-chromosome. 

X-inactivation analysis using the above scheme was performed according to the 
method described by Jacobs et al. (1 992). Briefly, the DNA solution from each 
micrpdissected region was divided into two aliquots and subjected to either double 
digestion at 1-2 units each of Hhal and Hpall or mock digestion with the restriction 
enzyme buffer provided by the manufacturer and incubated for 90 min. at 370C. The 
primary PCR was performed with outside primers 1 A and IB (1 A:5 - 
GTGCGCGAAGTGATCCAGAA-3'; and IB: 5'-TCTGGGACGCAACCTCTCTC-3') in a 
standard reaction volume of 25 Tl and consisted of 17 cycles at 940C for 1 min., 550C for 
1 min., and 720C for 1 .5 min. The secondary PCR was performed with inside primers 2A 
and 2B (2A, 5'-AGAGGCCGCGAGCGCAGCACCTC-3'; and 2B, 5'- 
GCTGTGAAGGTTGCTGTTCCTCAT-3'), 0.8 Tl to 1 .0 Tl of the primary PCR product as 
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the template, 2 TCi of [I- P]dCTP, and consisted of 28 cycles at 940C for 1 min., 660C 
for 1 min., and 720C for 1 .5 min. For both PCR reactions, the initial denaturation and final 
elongation steps were lengthened to 2 min. and 3 min., respectively. The radioactively 
labeled secondary PCR products were analyzed by electrophoresis on a 5% denaturing 
polyacrylamide gel and subjected to autoradiography. The results obtained are depicted in 
Figure 1. In Figure 1, odd numbered lanes illustrate mock digested controls, even 
numbered lanes illustrate samples digested with Hhal/Hpall. Figure 1 A represents the 
results obtained from the reduction mammaplasty case 1 where all three lobules were 
distinct and on the same section; lanes 1 and 2 were from lobule 1 , lanes 3 and 4 were from 
lobule 2, and lanes 5 and 6 were from lobule 3. Figure IB represents the results obtained 
from the reduction mammaplasty case 2 where lobules 1 to 3 were on one section and 
lobules 4 to 6 were on one section from a different block; lanes 1 and 2 are from lobule 1, 
lanes 3 and 4 were from duct 2, lanes 5 and 6 were from lobule 3, lanes 7 and 8 were from 
lobule 4, lanes 9 and 10 were from lobule 5 and lanes 1 1 and 12 were from lobule 6. 

The size of the microdissected regions ranged from 0.08 to 0.45 mm 2 . In the 
mammary gland, the patches with a single inactivated X-chromosome could also be 
significantly larger since, in one reduction mammaplasty (case 2) and in the peripheral 
mastectomy tissue (case 3), only one hypermethylated allele in all of the dissected regions 
within a tissue block was found. These results are presented in Table 1 . Multiple blocks 
representing different regions of the breast were available for case 2 and they differed in 
inactivated allele. Some of the microdissected regions showed equal retention of each 
allele (Figure lb, lanes 1 1 and 12 and Table 1) suggesting that some ducts and/or lobules 
may be polyclonal or that contaminating stroma contributed to the polyclonal pattern. 
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Table 1 

Clonality of Mammary Tissue Determined by X-Chromosome Inactivation 


Source of 
Tissue (case) 


Tissue 
Block 


Type of 

Mammary 

Tissue 


Androgen 
Receptor Allele 
Lost After 

TV* a* I 

Digestion 


Size of 

Dissected Area 
(mm 2 ) 


Reduction 


A 
/\ 


lODuie j 


bottom 


0.33 


Mam m anl a ^tv 


A 
r\ 


louuie (jl) 


top 


0.45 


/'Case H 


A 
r\ 


jODuie ; 


top 


0.30 


R Pffi if ti nn 










MsmmnTilnctv 
lViaiiiiiidJJiaoly 


A 


lobule (1) 


top 


0.30 




A 


duct(2) 


top 


0.27 




A 


lobule (3) 


top 


0.21 




B 


lobule (4) 


bottom 


0.11 




D 


lobule (5) 


bottom 


0.17 




P 
£> 


lobule (o) 


neither 


0.08 




c 


ducts 


neither 

llwlUlvl 


U.Uo 




D 


ducts 


neither 


0.12 




E 


lobule 


neither 


0.12 


Peripheral 


A 


lobule 


top 


0.55 


Mastectomy 


A 


lobule 


top 


0.48 


(Case 3) 


A 


lobule 


top 


0.50 



'Digestion with methylation sensitive enzymes 
Number in parentheses refers to illustration in Figure 1 



The results depicted in Figures 1 A and IB and Table 1 indicate that in both normal 
reduction mammaplasties tested and in the nonmalignant breast tissue peripheral to a 
carcinoma, discrete patches of cells with a single inactivated X-chromosome were 
detected. In Figure 1, each allele is represented by a main band and several weaker bands. 
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These weaker bands arise during PCR due to slippage of the DNA strand being 
synthesized along its template with a CAG repeat. 

Example 2 

Loss of Heterozygosity on the Shn rt Arm of Chromosome 3 
Understanding the genetic aberrations of these changes, especially those associated 
with the tumor initiation (early event) will contribute to the early diagnosis of breast 
cancer, treatment of the patients, and the effective management of the high-risk population. 
LOH is an event to unmask a mutant allele of a gene which may play a role in suppressing 
the tumor formation (tumor suppressor gene). Thus, LOH is considered an important 
marker for tumor initiation or progression. Tumor initiation is hypothesized to occur prior 
to mammary gland differentiation. If this is the case, one may be able to find genetic 
changes associated with early stages of carcinoma in morphologically normal mammary 
lobules adjacent to carcinoma. As shown above, breast tissue may be clonal in nature, 
with different duct and lobule systems arising from different stem cells. The results 
presented below indicate that LOH on the short arm of chromosome 3 was detected 
frequently in the normal epithelium adjacent to breast cancer. This finding supports the 
breast tumor initiation theory. 

The selected areas of normal lobules, DCIS and invasive tumor were 
microdissected from individual hematoxylin-eosin stained, 4 micron thick section under 
light microscope. Essentially, the microdissection was performed as described in 
Example 1 . Figure 2 depicts the steps of the microdissection technique. After carefully 
scraping away the surrounding tissue with a surgical scalpel, the isolated area was picked 
up using a new blade and transferred to an Eppendorf tube. DNA was isolated from the 
microdissected tissues according to the following procedure. Tissue was extracted with 
100 Tl of xylenes (Fisher reagent grade) to remove the paraffin and treated with 100 Tl of 
95% ethanol. After air-drying, the tissue pellet was digested in 20-50 Tl of solution 
containing 0.1 M Tris-HCl, pH 8, 1 mM EDTA, 0.5% Tween 20(Fisher) and 0.1 mg/ml 
proteinase K at 500C overnight. The digestion mixture was heated at 950C for 5 min. to 
inactivate the proteinase K, diluted to 1 00-500 Tl with a buffer comprising 10 mM Tris- 
HCl, pH 8, 1 mM EDTA buffer and stored at -200C until use. 

The DNA samples were then amplified by polymerase chain reaction (PCR) with 
polymorphic primers located at chromosomes 3p24, 1 lpl5.5, 13ql3 and 17pl3.1 (Table 
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2). PGR was performed according to the following procedure: 4 Tl of DNA was amplified 
by PCR in 50 Tl of a solution containing 10 mM Tris-HCl, pH 8.3, 50 mM KC1, 2 mM 
MgCl 2 , 0.01% gelatin, 200 TM each of dATP, dGTP, dCTP and dTTP, 0.1 TM upstream 
and downstream primers, 1% DMSO, 0.44 Tg Taq antibody (Clontech) and 2 units of Taq 
polymerase. PCR was processed for 45 cycles of denature (940C for 1 min.), annealing 
(56-660C for 1 min.) and chain extension (720C for 1 min.). The annealing temperature 
for each pair of primers was listed in Table 2. After PCR, 5 Tl of the PCR product was 
digested with the restriction endonuclease indicated in Table 2, and the digested fragments 
were separated on a 4% polyacrylamide gel. For some of the microsatellite polymorphic 
loci (non-RFLP) (including CA repeat and tetranucleotide), PCR was performed as above 

32 

except 1 TCi [I- P] dCTP was added to the reaction mixture, and the concentration of 4 
deoxyribonucleotide triphosphates was reduced to 20 TM. 1 Tl of the PCR product was 
mixed with 3 Tl of sequencing stop solution (United States Biochemicals), denatured by 
heating and electrophoresed on a 6% sequencing gel. Each allele of the PCR product was 
measured by reading the optical density with a densitometer after photographing the . 
ethidium bromide-stained gel with negative film or after exposing the X ray film to the gel. 
The ratios of the two alleles (the undigested allele over the digested, or the top allele over 
the bottom) for different tissues were counted. The results are presented in Table 2. In 
Table 2, RE stands for restriction endonuclease, the DNA sequences are represented 5' to 3' 
and RFLP stands for restriction fragment length polymorphism. The invasive tumor, DCIS 
or normal lobule samples in which the ratios of the two alleles relative to that for the 
normal skin show greater than 30% alteration were considered as LOH. 

Figure 4 depicts the LOH at locus 3p24 in normal lobule, DCIS and invasive tumor 
of sample H21(A) and H12(B). Note that in Figure 4A, skin and distal normal tissue are 
hetero^gous at chromosome 3p24 (three bands on gel) whereas four different areas of 
adjacent normal tissue, DCIS and invasive carcinoma all show LOH at chromosome 3p24 
(only one band on gel). In Figure 4B, the difference in density of the upper band in 
adjacent normal, DCIS and invasive carcinoma compared to skin indicates LOH in the test 
samples. 
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Table 2 

Sequences of Primers Used for LOH Analysis 



Name Locus Sequence 



Ann. Size of Poly 
temp product (bp) m. 

type 



RE 



EABH3 
EABH4 



3p24 



600C 208 



EABMD1 3p24 
EABMD4 



D3S1244 3p24 
F 

D3S1244 
R 

TH2.1 H P 15. 
TH2.2 5 



D13S218 13ql3 
F 

D13S218 
R 

D13S219 13ql3 
F 

D13S219 
R 



600C 210 



560C 177-189 



CATCTGAAATGCTG 
ACCTGTT 

AGCTGTCAGAACTA 
AGTGCTT 

AACGTTGGACCTCA 
AGCCCAT 

AGAATGCCAAGGAA 
GGGTGCA 

GTGCCCTTCCAGGA 
GTT 

AGTGAGGCATCCAC 
TACC 

CAGCTGCCCTAGTCA 660C 244-260 
GCAC 

GCTTCCGAGTGCAG 
GTCACA 

GATTTGAAAATGAG 560C 187-195 
CAGTCC 

GTCGGGCACTACGTT 
TATCT 

AAGCAAATATGCAA 560C 117-127 
AATTGC 

TCCTTCTGTTTCTTG 
ACTTAACA 



RFLP Hind 
III 



RFLP Mspl 



tetra- 
nucle 
otide 

tetra- 
nucle 
otide 

CA 
repeat 



CA 
repeat 
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17pl3. CAATGGATGATTTG 600C 196 RFLP BstU 

1 ATGCTG I 

TGGTAGGTTTTCTGG 

GAAGG 

17pl3. AGGTCTGGTTTGCAA 600C 107 RFLP Mspl 

1 CTGGG 

GAGGTCAAATAAGC 

AGCAGG 

17pl3. TCAGAAGGAAGTAG 600C 90 RFLP Bam 

1 GAAGGACTCAG HI 

GAAGAGCCTCGGTT 

ATGGGTATACA 



The incidence of LOH at four chromosome loci in various components of breast 
cancer are summarized in Table 3 . 







Table 3 






Incidence of LOH in 


Various Components of Breast Cancer 


Components 


No. with LOH / Total Informative Cases (%) 


at 




3p24(%) 


llpl5.5(%) 


13ql3 (%) 


17pl3.1 (%) 


Invasive 


10/21 (48) 


5/17(29) 


10/14 (71) 


16/20 (80) 


DCIS 


9/20 (45) 


2/18(11) 


7/14 (50) 


14/20 (70) 


Normal lobule 


6/17(35) 


1/16(6) 


0/11(0) 


1/19 (5) 



To determine whether the LOH at 3p was a property of all the normal mammary 
epithelium or was seen only in the normal lobules adjacent to the carcinoma, the normal 
lobules from blocks taken distant to the carcinomas were evaluated. Of the 6 cases with 
LOH at 3p in the adjacent normal lobules, distant blocks were available for 4 of them. In 
all 4 cases, the distant lobules showed no LOH (Table 4). In one of these cases (H21), 



TP53.5.1 
TP53.5.2 



TP53.6.1 
TP53.6.2 



TP53.8.1 
TP53.8.2 
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there was a complete LOH indicating that all of the lobular epithelium had the LOH. The 
other three cases showed only partial LOH. However, even the most careful dissection of 
normal lobules includes some contaminating stromal cells.. Therefore, it is impossible to 
distinguish whether only some of the cells in the lobules had the LOH or whether the 
partial loss was due to contamination with stromal cells. 



Table 4 




LOH at 3p24 In Normal Mammary Lobules Adjacent to Carcinoma 


Case Density Ratio of Upper 


Allele to Lower Allele 


DNA from Distant 


DNA from Adjacent 


Normal Lobules 


Normal Lobules 


HI 2 1.0/0.95 


0.15/1.0 


H21 1.0/0.92 


1.0/0.03 


H22 1.0/0.97 


1.0/0.56 


H37 1.0/1.0 


0.25/1.0 



Subsequent to these experiments, a number of control experiments were undertaken 
to exclude potential artifacts. These artifacts were of two types: 1) the technique was 
erratic and not reproducible, and 2) the normal lobules chosen for dissection actually 
contained cancer cells due to Pagetoid extension of the DCIS cells. 

We undertook a number of experiments to evaluate reproducibility of the assay. 
Using the same DNA preparations, we repeated the assay several times (Table 5). There 
was some difference in the proportion of loss, particularly for the cases with only partial 
loss. However, in every assay when an LOH was recorded, the same allele was lost in 
each repeat assay in all cases. If the LOH were due to random artifacts of the assay 
methodology, one would expect to have either allele lost randomly in repeat experiments. 
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Table 5 




Reproducibility of the PCR Assay for LOH 


Sample 


Density ratio of upper allele to lower allele, in 




adjacent lobules 


H12 


0.31/1.0 




0.13/1.0 




0.42/1.0 




0.54/1.0 


XXZ, 1 


1 f\/n ac 
l.U/U.U!) 




1.0/0.03 




1 A /A AO 

1 .U/U.45 




1.0/0.34 




1.0/0.19 




1.0/0.22 




1.0/0.56 


H36 


0.48/1.0 




0.52/1.0 


T-H7 
n j / 


1 a/a AO 




1 A/A AO 




1.0/0.08 




1.0/0.14 


H40 


1.0/0.25 




1.0/0.48 




1.0/0.47 




1.0/0.39 



To exclude the possibility that the artifact related to the DNA preparation, one case 
was evaluated by dissecting 4 individual lobules and extracting the DNA separately. 
Again, in each adjacent lobule, the same allele was lost (Table 6 and Figure 4). 
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Table 6 


LOH at Chromosome 3p24 in Individual Normal Lobules Adjacent to a Breast 




Carcinoma 


Tit 

Lobule 


Density ratio of upper allele to lower allele in adjacent 
normal lobules 


1 


1.0/0.05 


2 


1.0/0.10 


3 


1.0/0.05 


4 


1.0/0.05 



The second potential artifact* namely that the adjacent lobules contained cancerous 
cells was excluded by three approaches. First, photomicrographs of an adjacent section to 
the dissected lobules appeared to have completely normal histology. Secondly, in a 
number of cases, the DCIS and invasive components adjacent to the normal lobule had 
additional LOHs besides 3p24 which were not seen in the normal lobules (Table 7). For 
example, DNA from the normal adjacent lobules of case HI 2 (Table 7) showed an LOH at 
3p24 but not at 17pl3.I even though both the DCIS and invasive components had LOH's 
at both loci. Table 7 also summarizes the cases where the normal lobules had a LOH at 
1 lpl5.5 and 17pl3.1 respectively, again showing that the DNA from the normal cells 
differed from that of the DCIS and invasive cancers. 



Table 7 

LOH at Various Chromosomal Loci in Cases with 
Chromosomes 3p24 LOH In Adjacent Normal Lobules 





NA 


3p24 

DC 


IN 


NA 


llpl5.5 

DC 


IN 


NA 


13ql3 

DC 


IN 


NA 


17pl3.1 

DC IN 


H12 


Y 


Y 


Y 


N 


N 


Y 








N 


Y Y 


H21 


Y 


Y 


Y 














N 


Y Y 


H37 


Y 


Y 


Y 












Y 


N 


Y Y 


H40 


Y 


Y 


Y 


N 


N 


N 


N 


N 


N 


N 


Y Y 


H5 








Y 


Y 


Y 


N 


Y 


Y 






H6 








N 


N 


N 


N 


Y 


Y 


Y 


Y Y 



A third method used to exclude the possibility that the normal lobules contained 
tumor cells was by immunostaining with antibody to erbB-2 protein. In cases where the 
invasive tumor and the DCIS components each had a least 30% of the cells 
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immunopositive for erbB-2, there were no positive cells in the normal lobules. The results 
are depicted in Figure 3 and Table 8. In Figure 3, the arrow points to the stained cells. 





Table 8 






Comparison of p53 an erbB-2 Immunostaining in 






Various Components of Breast Cancer Tissue 




% Immunopositive In: 


Case 


Normal DCIS 


Invasive 




Adjacent Component 


Component 




p53 Immunopositive (%) 




H12 


0 1 


1 


H40 


0 10 


10 




erbB-2 Immunopositive (%) 




H22 


0 60 


30 


H37 


0 10 


5 


H40 


0 70 


30 



Although the foregoing invention has been described in detail by way of illustration 
and example for purposes of clarity and understanding, it will be apparent to those skilled 
in the art that certain changes and modifications may be practiced. Therefore, the 
description and examples should not be construed as limiting the scope of the invention, 
which is delineated by the appended claims. 
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CLAIMS 

What is claimed is: 

1 . A method for determining the likelihood of benign hyperplastic breast 
tissue or normal breast tissue adjacent to carcinoma tissue becoming malignant wherein the 
method comprises the steps of: substantially isolating the tissue; and determining the loss 
of heterozygosity (LOH) at chromosome 3p24 in the tissue, wherein LOH at chromosome 
3p24 is a prognostic indicator that the tissue will become malignant. 

2. The method according to claim 1 , wherein the tissue is benign hyperplastic 

tissue. 

3. The method according to claim 1 , wherein the tissue is adjacent to 
carcinoma tissue. 

4. The method according to claim 3, wherein the carcinoma tissue is selected 
from the group consisting of interstitial in situ carcinoma, ductal in situ carcinoma and 
invasive carcinoma. 
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Figure 2 
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